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V 


Abstract 


The  present  article  tests  a  proposed  model  of  linear  syllogistic  reasoning  on 
both  determinate  and  indeterminate  linear  syllogisms.  The  proposed  model,  which 
includes  processes  acting  upon  both  linguistic  and  spatial  representations  for  in¬ 
formation,  is  shown  to  be  able  to  account  for  solution  latencies  from  both  kinds  of 
linear-syllogism  problems.  These  demonstrations  of  the  internal  validity  of  the 
model  are  accompanied  by  a  demonstration  of  its  external  validity  whereby  composite 
and  component  scores  for  individual  subjects  are  correlated  with  scores  from  verbal, 
spatial,  and  abstract  reasoning  tests.  A  number  of  significant  and  substantial 
correlations  confirm  the  relationships  of  components  of  the  proposed  mixture  model 
to  performance  on  tasks  quite  different  in  surface  structure  from  the  linear  syllo¬ 
gisms.  It  is  concluded  that  although  the  proposed  model  is  not  the  true  one  (i » 
that  'it  does  not  account  for  all  of  the  reliable  variance  in  the  latency  data),  it 
provides  a  good  approximation  to  the  strategy  many  subjects  use  in  the  solution  of 


linear-syllogism  problems. 
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Reasoning  with  Determinate  and  Indeterminate 
Linear  Syllogisms 

In  a  linear  syllogism,  an  individual  is  presented  with  two  premises,  each  de¬ 
scribing  a  relation  between  two  terms.  One  of  the  terms  overlaps  between  premises. 
The  individual's  task  is  to  use  this  overlap  to  infer  the  relations  among  the  three 
terms  of  the  linear  syllogism,  and  then  to  answer  a  question  that  requires  knowledge 
about  one  or  more  of  these  relations.  A  typical  linear  syllogism  is 

Len  is  taller  than  Bob. 

Bob  is  taller  than  Sam. 

Who  is  tallest? 

Linear  syllogisms  such  as  this  one  are  referred  to  as  determinate  because  it 
is  possible  to  determine  from  the  premises  the  (height)  relation  between  each  possible 
pair  of  terms.  In  this  particular  problem,  an  individual  can  infer  that  Len 
is  tallest,  Sam  is  shortest,  and  Bob  is  intermediate  in  height  between  Len  and  Sam. 

The  answer  to  the  question  is  therefore  "Len."  Had  the  question  been  "Who  is  short¬ 
est?"  it  would  have  been  answerable  as  well,  and  the  answer  would  have  been  "Sam." 

Not  all  linear  syllogisms  are  determinate.  Consider  the  linear  syllogism 

Len  is  taller  than  Bob. 

Len  is  taller  than  Sam. 

Who  is  tallest? 

In  this  problem,  the  correct  answer  is  again  "Len."  But  note  that  if  the  question 
had  been  "Who  is  shortest?"  it  would  have  been  unanswerable,  because  the  premises 
do  not  contain  sufficient  information  to  infer  the  answer.  Although  one  knows  that 
Len  is  tallest,  one  cannot  distinguish  between  the  relative  heights  of  Bob  and  Sam. 
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Linear  syllogisms  such  as  this  one,  which  do  not  permit  inference  of  the  (height) 
relation  between  each  possible  pair  of  terms,  are  referred  to  as  indeterminate. 

Psychologists  have  been  investigating  the  representations  and  processes  people 
use  in  solving  linear  syllogisms  since  Burt's  (1919)  adoption  of  the  linear  syllo¬ 
gism  for  one  of  his  tests  of  mental  ability.  In  recent  years,  a  vigorous  debate 
has  arisen  regarding  whether  subjects'  representations  of  the  relations  among  terms 
are  spatial  (DeSoto,  London,  &  Handel,  1965;  Huttenlocher,  1968;  Huttenlocher  £. 
Higgins,  1971),  linguistic  (Clark,  1969a,  1969b),  spatial  earlier  during  practice 
with  the  items  and  linguistic  later  during  practice  (Johnson- Laird,  1972;  Wood, 
Shotter,  &  Godden,  1974),  linguistic  earlier  during  practice  and  spatial  later 
during  practice  (Shaver,  Pierson,  &  Lung,  1974),  or  both  spatial  and  linguistic 
(during  all  phases  of  practice) ' (Sternberg,  1980a,  1980b,  1980c).  Others  have 
claimed  that  representation  can  be  of  limited  import:  Quinton  and  Fellows  (1975) 
have  suggested  that  at  least  some  subjects  use  a  shortcut  algorithm  that  all  but 
bypasses  the  need  for  complex  reasoning  on  any  kind  of  data  base.  Although  the 
nub  of  the  debate  has  been  the  form  of  representation  individuals  use  in  solving 
linear  syllogisms,  the  debate  has  also  concerned  the  processes  individuals  use: 
Investigators  proposing  different  representations  of  information  have  also  proposed 
different  processes  to  operate  upon  these  representations. 

The  debate  regarding  representation  and  process  in  linear  syllogistic  reasoning 
has  proceeded  on  the  basis  of  an  incomplete  data  base,  because  with  the  exception 
of  Clark  (1969a),  no  one  has  investigated  in  detail  performance  on  indeterminate 
linear  syllogisms.  Yet,  there  is  no  reason  to  believe  that  indeterminate  problems 
arc  of  any  less  consequence  than  determinate  ones.  The  transitive  inferences  one 
needs  to  make  in  everyday  life  often  need  to  he  made  on  the  basis  of  partial  and 
necessarily  incomplete  information  regarding  the  complete  set  of  items  that  might 
be  of  interest.  For  most  people,  making  decisions  on  the  basis  of  partial  inform- 
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tion  is  a  way  of  life.  Moreover,  there  is  no  a  priori  reason  to  believe  that  the 
representations  and  processes  used  in  solving  determinate  linear  syllogisms  (or 
problems  of  other  kinds)  are  the  same  as  those  used  in  solving  indeterminate  ones. 
Without  suitable  modification,  the  models  of  linear  syllogistic  reasoning  that  have 
provided  at  least  moderately  good  descriptions  of  data  obtained  from  determinate 
linear  syllogisms  would  provide  only  poor  descriptions  of  data  obtained  from  in¬ 
determinate  ones. 

This  experiment  does  not  seek  to  compare  alternative  information-processing 
models  of  linear  syllogistic  reasoning.  Such  comparisons  have  been  carried  out  in  a 
set  of  experiments  investigating  subjects'  performance  in  solving  determinate  linear 
syllogisms  (Sternberg,  1980a,  1980b,  1980c),  and  all  of  the  experiments  have  sun- 
ported  the  mixture  model  over  the  competing  spatial,  linguistic,  and  algorithmic 
models.  In  the  present  context  of  indeterminate  as  well  as  determinate  linear 
syllogisms,  only  Clark  (1969a)  has  extended  his  linguistic  model  to  apply  to  inde¬ 
terminate  linear  syllogisms.  In  the  form  it  is  presented,  Clark's  extended  model 
does  not  permit  quantification;  the  model  can  be  quantified  with  a  few  reasonable 
assumptions,  however.  When  these  assumptions  are  made,  the  quantitative  predictions 
of  the  model  for  indeterminate  problems  are  the  same  as  those  for  the  mixture  model. 
Hence,  the  present  experimental  context  was  not  a  suitable  one  for  testing  of  al¬ 
ternative  models.  It  was  suitable,  instead,  for  extending  the  information-process¬ 
ing  stipulations  and  quantitative  predictions  of  the  mixture  model  to  incorporate 
indeterminate  as  well  as  determinate  linear  syllogisms. 

The  goal  of  the  present  experiment,  then,  is  to  extend  our  understanding  of 
how  people  solve  linear  syllogisms  to  indeterminate  as  well  as  determinate  reasoning 
problems.  In  an  effort  to  reacli  this  goal,  an  information-processing  model  is  pro¬ 
posed  and  then  internally  validated  on  latency  data  collected  from  college  students 
asked  to  solve  both  determinate  and  indeterminate  linear  syllogisms.  The  model  is 
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externally  validated  by  correlating  composite  and  component  scores  with  scores  on 
psychometric  ability  tests.  The  overall  validation  procedure  is  intended  to  show 
both  the  ability  of  the  model  to  account  for  the  present  experimental  data  and  the 
relation  of  model  parameters  to  external  measures. 

Model  of  Linear  Syllogistic  Reasoning 

This  section  describes  the  proposed  model  of  linear  syllogistic  reasoning.  The 
mixed  model  has  not  been  previously  extended  to  indeterminate  items,  but  is  so  ex¬ 
tended  here.  The  information-processing  and  mathematical  models  described  here  are 
extensions  of  the  models  proposed  by  Sternberg  (1980c).  The  model  will  first  be 
described  in  its  application  to  determinate  problems,  using  as  an  example,  "C  is 
not  as  tall  as  J3;  A  is  not  as  short  13;  who  is  shortest?"  The  extension  of  the 
model  to  indeterminate  problems,  using  as  an  example,  "A  is  taller  than  13;  (i  is 
shorter  than  A;  who  is  shortest?"  will  then  be  described.  A  flow  chart  for  the  model 
is  presented  in  Figure  1. 

Insert  Figure  1  about  here 

According  to  one  mixture  model  (of  the  many  that  are  possible) ,  information 
from  the  two  premises  of  a  linear  syllogism  is  first  decoded  into  a  linguistic 
format  and  then  recoded  into  a  spatial  format.  When  the  subject  is  asked  who  is 
tallest,  the  subject  scans  the  spatial  array  for  the  correct  answer,  and  in  certain 
cases,  confirms  the  result  of  tills  scan  by  checking  the  linguistic  propositions. 

This  model  attempts  to  capture  some  of  the  best  features  of  the  spatial  and  lin¬ 
guistic  models,  and  also  contains  features  found  in  neither  of  the  previous  two 
models. 

The  terms  of  the  syllogism  are  first  decoded  from  surface-structural  strings  into 
linguistic  deep  structures.  These  linguistic  deep  structures  then  form  the  basis  for 
the  construction  of  spatial  arrays,  one  for  each  premise.  Marked  adjectives  are 

a 
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assumed  to  increase  processing  time,  both  through  increased  linguistic  decoding  time 
and  through  increased  spatial  encoding  time.  Negations  are  handled  with  new  arravs 
constructed  from  the  original  arrays  by  flipping  the  elements  of  the  original 
arrays  in  space. 

Consider  first  how  information  is  combined  in  determinate  problems.  In  order 
for  the  subject  to  combine  the  terms  of  the  premises  into  a  single  spatial  array, 
the  subject  needs  the  pivot  (middle  term)  available.  The  pivot  is  either  immediately 
available  from  the  spatial  encoding  of  the  premises,  or  else  it  must  be  located. 

The  pivot  is  immediately  available  in  all  (a)  affirmative  problems  and  (b)  negative 
problems  in  which  the  second  premise  begins  with  the  pivot.  Pivot  search  is  assumed 
to  be  needed  if  the  working- memory  demands  of  the  problem  exceed  working  memory 
capacity  (see  Sternberg,  1980c).  In  the  example  problem,  the  second  negative  pre¬ 
mise  does  not  begin  with  the  pivot,  but  with  an  end  term,  so  that  the  pivot  must  be 
located  as  the  term  that  overlaps  between  the  two  two-item  spatial  arrays.  Once 
the  pivot  has  been  located,  the  subject  seriates  the  terms  from  the  two  two-item 
spatial  arrays  into  a  single  three-item  array.  In  forming  this  spatial  array,  the 
subject  starts  with  the  terms  of  the  first  premise,  and  ends  with  those  of  the  second 
premise.  The  subject's  mental  location  after  seriation,  therefore,  is  in  that  half 
of  the  array  described  by  the  second  premise  (which  is  the  top  half  in  the  example). 
The  subject  next  reads  the  question.  If  there  is  a  marked  adjective  in  the  question, 
the  subject  will  take  longer  to  decode  the  adjective  linguistically,  and  to  seek  the 
response  to  the  problem  at  the  nonpreferred  (usually  bottom)  end  of  the  array.  The 
response  may  or  may  not  be  immediately  available.  If  the  correct  answer  is  in  the 
half  of  the  array  where  the  subject  just  completed  seriation  (his  or  her  active  lo¬ 
cation  in  the  array),  then  the  response  will  be  immediately  available.  If  the  ques¬ 
tion  requires  an  answer  from  the  other  half  of  the  array,  however,  the  subject  will 
have  to  search  for  the  response,  mentally  traversing  the  array  from  one  half  to  the 
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other  and  thereby  consuming  additional  time.  In  the  example,  the  subject  ends  up 
in  the  top  half  of  the  array,  but  is  asked  a  question  about  the  bottom  half  of  the 
array  ("Who  is  shortest?"),  requiring  a  search  for  the  response. 

Under  certain  circumstances,  the  subject  checks  the  linguistic  form  of  the  pro¬ 
posed  response  against  the  form  of  the  adjective  in  the  question.  In  particular, 
this  checking  occurs  if  the  terms  of  the  premises  have  not  been  carefully  encoded 
into  a  sharp  spatial  image.  If  the  two  forms  are  congruent,  the  subject  responds 
with  the  designated  answer.  If  not,  the  subject  first  makes  sure  that  congruence 
can  be  established,  and  then  responds  (see  Sternberg,  1980c).  In  the  example,  con¬ 
gruence  must  be  established,  since  the  shortest  term,  £,  has  previously  been  decoded 
in  terms  of  the  adjective  tall.  Once  congruence  has  been  established,  C  can  be 
recognized  as  the  correct  answer  to  the  example  problem.  In  the  context  of  the 
present  experiment,  checking  for  congruence  was  assumed  not  to  be  needed,  since  the 
need  to  differentiate  indeterminate  from  determinate  linear  syllogisms  was  assumed 
to  encourage  careful  encoding  of  the  premises  of  each  problem. 

Indeterminate  linear  syllogisms  are  assumed  to  be  easier  to  solve,  on  the  average, 
than  determinate  ones,  because  in  constructing  a  single  three-item  array  from  the  two 
two-item  arrays,  one  needs  to  construct  a  determinate  relation  between  only  tv?o  of 
the  three  possible  pairs  of  relations;  in  contrast,  a  determinate  linear  syllogism 
requires  construction  of  a  three-item  array  showing  determinate  relations  betv.'een 
all  three  possible  pairs.  Processing  of  indeterminate  linear  syllogisms  can  be 
facilitated  only  if  subjects  recognize  such  syllogisms  as  indeterminate.  In  this 
model,  recognition  is  assumed  to  occur  once  the  individual  premises  are  each  lin¬ 
guistically  and  spatially  encoded.  These  encodings  will  be  needed  regardless  of 
whether  the  problem  is  determinate  or  indeterminate.  First,  the  subject  is  theorized 
to  query  him-  or  herself  as  to  whether  Liie  adjectives  in  the  premises  are  the  sane 
and  the  positions  of  the  repeated  terms  the  same  in  each  premise.  If  so,  the  prob¬ 
lem  is  indetermin.  ;  if  not,  the  problem  may  still  lie  indeterminate.  The  subject 
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next  queries  him-  or  herself  as  to  whether  the  adjectives  in  the  premises  are  dif¬ 
ferent  and  the  positions  of  the  repeated  terms  different  in  each  premise.  If  so, 
the  problem  is  indeterminate;  if  not,  the  problem  is  determinate.  If  the  problem 
is  indeterminate,  the  positions  of  the.  overlapping  term  in  the  two  spatial  arrays 
representing  the  two  premises  are  the  same,  and  the  two  arrays  can  be  essentially 
superimposed  at  the  pivot  point,  rather  than  joined  end  to  end  at  the  pivot  point. 
Superimposition  is  assumed  to  be  faster  than  end-to-end  joining.  Finally,  the 


subject  responds. 


Subjects 


Method 


Subjects  were  18  undergraduates  attending  the  Yale  summer  term.  All  partici¬ 
pated  for  pay  of  $2.50  per  hour. 

Materials 

Stimuli  were  two-term  series  problems  and  three-term  series  problems  (linear 
syllogisms)  in  which  the  terms  were  common  male  and  female  names.  Half  of  the 
three-term  series  problems  were  determinate  (i.e.,  the  ordering  of  all  three  terms 
along  the  dimension  specified  by  the  problem  could  be  completely  ascertained)  and 
half  of  the  three-term  series  problems  were  indeterminate  (i.e.,  the  ordering  of 
the  three  terms  could  not  be  completely  ascertained). 

The  eight  types  of  two-term  series  problems  varied  dichotonouslv  along  three 
dimensions:  (a)  whether  the  premise  adjective  was  marked  or  unmarked;  (b)  whether 
the  question  adjective  was  marked  or  unmarked;  (c)  whether  the  premise  was  affirm¬ 
ative  or  negative.  The  two-term  series  problems  were  used  to  estimate  an  encoding 


parameter 


(mean  three-term  latencv  minus  mean  two-term  latency)  in  ex¬ 


ternal  analysis. 


The  thirty-two  types  of  determinate  three-term  series  problems  varied  dichoto¬ 


mously  along  five  dimensions:  (a)  whether  the  first  premise  adjective  was  marked 
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or  unmarked;  (b)  whether  the  second  premise  adjective  was  marked  or  unmarked; 

(c)  whether  the  question  adjective  was  marked  or  unmarked;  (d)  whether  the  premises 
were  affirmative  or  negative;  (e)  whether  the  correct  answer  was  in  the  first  or 
second  premise.^  The  thirty-two  types  of  indeterminate  three-term  series  problems 
varied  in  the  same  way  as  the  determinate  three-term  series  problems,  except  that 
the  variation  in  (e)  was  in  whether  the  problem  was  answerable  or  not,  rattier  than 
in  where  the  correct  answer  was.  A  problem  was  answerable  if  one  term  could  be 
uniquely  selected  as  the  answer  to  the  question.  A  problem  was  unanswerable  if 
either  of  two  terms  could  be  selected  as  the  answer  to  the  question.  In  these  cases, 
subjects  were  instructed  to  select  the  answer,  "I,"  signifying  an  indeterminate 
problem. 

For  problems  of  all  kinds,  there  were  three  replications  of  each  item  type, 
one  using  the  adjective  pair  taller-shorter,  one  using  the  adjective  pair  better- 
worse,  and  one  using  the  adjective  pair  faster-slower. 

Apparatus 

Problems  were  presented  via  a  Gerbrands  two-field  tachistoscope  with  an  attached 
centisecond  clock. 

Procedure 

Subjects  were  first  shown  examples  of  typical  two-  and  three-term  series  prob¬ 
lems,  and  were  told  that  their  task  was  to  solve  items  of  each  of  these  types.  These 
items,  and  the  practice  items  given  later,  used  the  adjective  pair  ol der-vouncer , 
which  was  not  used  in  the  actual  test  items.  Instructions  to  subjects  indicated 
that  they  should  solve  the  problems  as  quickly  as  they  could  without  making  errors. 
Testing  was  done  in  two  sessions.  The  first  session  consisted  first  of  the  pre¬ 
sentation  of  12  practice  items,  equally  divided  amonr  two-term  series  problems, 
determinate  three-term  series  problems,  and  indeterminate  three-term  scries  prob¬ 
lems  (randomly  intermixed).  The  practice  items  were  followed  by  216  test  items. 
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including  24  two-term  series  problems,  96  determinate  three-term  series  problems, 
and  96  indeterminate  three-term  series  problems.  Items  were  blocked  by  the  par¬ 
ticular  adjective  pair  (taller-shorter,  better-worse ,  faster-slower) ,  with  order  of 
blocks  counter-balanced  across  subjects.  Determinate  and  indeterminate  items  were 
randomly  intermixed.  The  second  session  consisted  exclusively  of  ability  testing. 
Subjects  received  two  verbal  ability  tests — analogies  from  the  Concept  Mastery  Test 
and  from  the  Differential  Aptitude  Test  Verbal  Reasoning  subtest — two  spatial  abil¬ 
ity  tests — mental  rotation  from  the  SRA  Primary  Mental  Abilities  (adult  level)  and 
spatial  visualization  from  the  Differential  Aptitude  Test  Spatial  sub^est — and  two 
abstract  reasoning  ability  tests — abstract  reasoning  from  the  Differential  Aptitude 
Test  (which  requires  geometric  series  completions)  and  figural  analogies  from  the 
American  Council  on  Education  college  ability  battery. 


v. 
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Results 

Basic  Statistics 

Mean  response  times  were  3.71  seconds  for  two-term  series  problems  and  8.42 
seconds  for  three-term  series  problems.  Error  rates  for  these  two  types  of  prob¬ 
lems  averaged  1%  and  5%  respectively.  Since  the  three-term  series  problems  were 
the  problems  of  primary  interest,  further  analyses  dealt  almost  exclusively  with 
them.  The  various  types  of  three-term  series  problems  were  of  unequal  difficulty. 
Mean  response  times  were  8.13  seconds  for  affirmative  determinate  problems,  9.64 
seconds  for  negative  determinate  problems,  7.04  seconds  for  affirmative  indetermi¬ 
nate  problems,  and  8.89  seconds  for  negative  indeterminate  problems.  The  effect 
of  deterrainacy  was.  significant ,  F(l,17)  =  27.00,  £<.001,  £s  was  the  effect  of 
negation,  F(l,17)  =  78.36,  £<.001.  The  interaction  between  the  two  effects 
was  not  significant,  £(1,17)  =  3.02,  £>.05. 

The  latency  data  were  highly  reliable.  Reliabilities  (coefficient  alpha  com¬ 
puted  across  all  possible  split  halves  of  subjects)  were  generally  in  the  high 
.90s  for  the  entire  set  of  data  and  for  determinate  and  indeterminate  items  con¬ 
sidered  separately. 

Mathematical  Modeling  of  Latency  Data 

Latencies  for  each  of  the  32  determinate  and  32  indeterminate  problems  (64  da 
points  in  all)  were  modeled  by  a  linear  model  based  upon  the  information-processir. 
model  described  earlier.  The  complete  set  of  data  points  is  described  in  Table  1. 
Table  A  oT  the  appendix  presents  the  complete  set  of  independent  variables  and 

Insert  _Table.  1  about  here 

values  on  these  variables  used  to  fit  the  linear  models.  Psychological  referents 
of  the  independent  variables  are  described  in  the  presentations  of  the  information 
processing  model  given  earlier. 
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Parameter  estimates  and  model  fits  (expressed  in  terms  of  squared  correlations 
between  predicted  and  observed  latencies)  are  presented  in  Table  2.  Model  fits  are 
for  all  problems,  including  ones  correctly  and  incorrectly  solved.  All  analyses  were 
also  done  for  problems  answered  correctly  only:  Patterns  of  results  were  essential¬ 
ly  identical  to  those  presented  here. 

Insert  Table  2  abouL  here 

The  mixture  model  fared  well  in  predicting  the  latency  data.  Further  support 

for  the  mixture  model  derives  from  the  fact  that  all  parameter  estimates  (based 

on  determinate  and  indeterminate  linear  syllogisms)  differed  significantly  from 

zero.  The  estimates  were  also  plausible.  In  particular,  the  valu^  of  the  response 

constant  (labeled  response+  because  it  also  contains  within  it  any  other  latencies 

that  were  constant  across  item  types)  seemed  at  least  relatively  unconfounded: 

The  value  of  4.28  seconds  is  similar  to  the  values  obtained  for  response  in  other 

tachistoscopic  tasks  such  as  analogies  (see  Sternberg,  1977).  Model  fits  were  cort- 

2 

puted  separately  for  each  adjective  and  for  each  session:  Although  values  of  K~ 
were  generally  lower,  as  would  be  expected  because  of  the  reduced  numbers  of  obser¬ 
vations  contributing  to  each  data  point,  the  model  did  about  equally  well  for  each 
subset  of  data.  The  good  fits  of  the  model  to  the  data  and  subsets  of  the  data  arc 
consistent  with  the  results  from  seven  previous  experiments  (Sternberg,  1980a,  la-'va, 
1980c;  Sternberg  6.  Weil,  1980).  When  the  sane  lin...r 

model  was  fit  to  the  data  for  errors,  the  squared  correlation  was  equal  to  .50. 
Predicted  versus  observed  latencies  for  the  three-term  and  two-term  series  probli  : 
are  shown  in  Table  1. 

The  analyses  described  above  have  been  concerned  with  internal  validation  of  a 
model  of  linear  syllogistic  reasoning,.  A  separate  analysis  was  done  in  order  to 
demonstrate  the  external  validity  of  the  task  and  model.  If  the  1  im -ar-.-.v  1 1  ngi  -a 
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task  is  to  be  of  general  interest,  and  if  the  proposed  model  of  linear-syllogistic 
reasoning  is  to  be  of  interest  beyond  the  study  of  the  linear-syllogisms  task  con¬ 
sidered  by  itself,  then  it  should  be  possible  to  show  significant  relationships  be¬ 
tween  composite  and  component  latencies  and  scores  on  tests  that  have  been  pre¬ 
viously  shown  to  be  of  interest  in  predicting  a  variety  of  criteria.  The  verbal, 
spatial,  and  abstract  reasoning  tests  used  in  the  present  experiment  served  this 
purpose.  All  of  these  tests  have  been  shown  in  the  past  to  be  useful  as  predictors 
of  a  variety  of  external  criteria,  such  as  grades  in  school.  Because  the  three 
kinds  of  tests  were  significantlv  correlated  with  each  other,  both  within  and  be¬ 
tween  abilities,  it  was  not  possible  to  draw  useful  conclusions  about  differential 
prediction  in  this  exoeriment.  However^  the  correlations  in  Table  3  show  that 
composite  and  component  scores  on  the  linear-syllogisms  task  were  significantly 
and  in  some  cases  substantially  related  to  scores  on  the  three  kinds  of  ability 
tests. 


_ Insert  Table  3  about  here 

Overall  latencies  were  significantly  correlated  with  abstract  reasoning  ability, 
and  overall  error  rates  were  significantly  correlated  with  verbal,  spatial,  and 
abstract  reasoning  abilities.  Scores  on  four  of  the  seven  components  of  interest 
(excluding  the  response+  component)  were  significantly  correlated  with  at  least  one 
of  the  ability  scores.  The  general  pattern  of  results  suggest  that  linear  svllogisris 
provide  a  useful  measure  of  abstract  reasoning  ability.  The  obtained  correl.it  ions 
between  composite  (and  some  component)  scores  on  the  linear-syllogisms  task  and  the 
abstract  reasoning,  test  composite  are  about  as  high  as  different  abstract  reasoning 
tests  correlate  witli  each  other  in  the  psychometric  literature.  Most  of  tin  corre¬ 
lation  of  the  latency  score  with  abstract  reasoning,  seems  to  derive  from  the  ronponeti 
correlations  with  abstract  reasoning  of  encoding,  narking,  and  nisinal  <h  (see  l'i'cre  1 
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For  the  parameters  applicable  to  determinate  problems,  the  patterns  of  correlations 
are  similar  to  those  obtained  in  previous  analyses  (Sternberg,  19S0c;  Sternberg  & 
Weil,  1980).  The  indeterminate  parameters  have  not  been  estimated  previously,  so 
no  comparison  to  past  data  is  possible. 
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Discussion 

This  study  provides  the  first  quantitative  test  of  the  ability  of  any  of  the 
primary  current  models  of  linear  syllogistic  reasoning  to  account  for  performance 
on  indeterminate  linear  syllogisms.  Mathematical  modeling  of  latency  data  showed 
the  success  of  the  proposed  mixture  model  in  accounting  for  performance  on  such 
items.  The  mixture  model  was  shown  to  be  externally  valid  as  well  as  internally 
valid  by  correlating  component  latencies  with  scores  on  standardized  tests  of  ment¬ 
al  abilities.  Several  component  scores,  as  well  as  composite  latency  and  error 
scores,  showed  significant  correlations  with  the  ability  tests. 

The  present  data  are  consistent  with  previous  data  (Sternberg,  1980a,  1980b, 
1980c;  Sternberg  &  Weil,  1980)  in  their  support  of  the  mixture  model,  and  further 
show  that  the  ability  of  this  model  to  account  for  solution  latencies  is  not  limited 
to  the  502  of  the  three-term  series  problems  that  are  fully  determinate.  In  fact, 
the  fit  of  the  model  to  data  was  better  for  indeterminate  problems  than  it  was  for 
determinate  ones,  and  it  also  accounted  well  for  performance  on  two-term  series 
problems  considered  either  alone  or  in  combination  with  three-term  series  problems. 
The  model  cannot  account  for  data  from  three-term  series  problems  with  just  one 
negation,  but  because  of  the  unreliability  of  data  from  such  problems,  neither  can 
any  other  single  model. 

The  fit  of  the  mixture  model  to  the  latency  data  are  well  below  the  rel i ab i 1 i t i 1 1 
of  th  ose  data,  and  lienee  the  mixture  model  can  be  viewed  only  as  an  approximation 
to  the  still  unknown  strategy  subjects  actually  use.  The  model  is  thus  presented 
as  an  approximation  to  the  true  model,  with  the  hope  that  future  analyses  will  pro¬ 
vide  closer  successive  approximations  to  what  subjects  actually  do  in  sol  vine,  linear 


syllogisms. 


Linear  Syllogisms  16 


The  present  data  indicate  the  potential  danger  of  attempting  to  resolve  ques¬ 
tions  of  internal  representation  in  an  "either-or"  manner.  It  appears  that  the 
irresolubility  of  the  longstanding  debate  as  to  whether  the  internal  representation 
subiccts  use  during  the  solution  of  linear  syllogisms  is  linguistic  or  spatial  has 
derived  in  part  from  the  fact  that  botli  kinds  of  representations  are  used  at  dif¬ 
ferent  points  during  the  solution  process.  If  the  global  data  that  past  investi¬ 
gators  have  used  to  compare  predictions  of  spatial  and  linguistic  models  have  been 
ambiguous,  it  is  in  part  because  both  spatial  and  linguistic  representations  are 
used  during  solution,  and  some  kind  of  componentinl  analysis  of  the  data  is  needed 
in  order  to  determine  which  kind  of  representation  is  used  when. 

In  component ial  analyses  of  the  kind  presented  here^  a  specter  sometimes  seems 
to  arise  from  the  possibility  that  as  the  ranee  of  a  eiven  model  or  set  of  models 
is  exoandedj  the  number  of  Information-processing  components  reouired  to  account 
for  data  from  the  increasing  range  of  tasks  that  is  analyzed  will  soon  begin  to 
exceed  any  reasonable  bounds.  For  example,  the  extension  of  the  mixed  model  of 
linear  syllogistic  reasoning  to  indeterminate  problems  required  the  addition  of  two 
new  parameters  to  the  model.  In  this  regard,  it  is  worth  noting  that  the  processes 
that  are  relevant  to  the  current  problems  are  ones  that  are  relevant  to  many  other 
kinds  of  problems  as  well.  Negations  and  marked  adjectives,  for  example,  appear  in 
linguistic  material  of  all  kinds,  and  hence  the  processing  of  such  items  is  required 
in  almost  any  kind  of  text  comprehension.  As  DeSoto  et  al.  (1965)  pointed  out,  peo¬ 
ple  have  a  notable  predilection  for  linear  arrays,  and  hence  the  encoding  of  linear 
arrays,  the  search  for  pivot  (overl apping)  terms  in  such  arrays,  and  the  search  for 
responses  in  such  arrays,  can  be  expected  in  a  wide  variety  of  tasks,  including 
categorical  and  conditional  syllogistic  reasoning  as  well  as  linear  syllogistic 
reasoning  (see  Sternberg,  1980c).  As  in  the  present  experimental  context,  nrr.ivs 
can  be  treated  differently,  depending  upon  whether  they  can  be  super i  i™i",n!  or 


i 

►  - 
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whether  thev  need  to  be  ioined  end  Lo  end.  Thus,  although  the  number  of  proposed 
information-processing  components  has  increased)  the  ones  identified  in  this  and 
similar  studies  seem  to  be  ones  that  are  not  specific  to  a  narrow  range  of  informa¬ 
tion-processing  tasks.  Instead,  we  seem  to  be  on  the  way  toward  the  identification 
of  at  least  some  of  those  components  that  matter  in  intellectual  performance. 
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Footnote 

The  research  reported  in  this  article  was  supported  by  Contract  N0001478C0025 
from  the  Office  of  Naval  Research  to  Robert  J.  Sternberg.  1  am  grateful  to  Barbara 
Conway  for  valuable  assistance  in  data  analysis,  and  to  Pam  Costa  for  typing  the 
manuscript.  Requests  for  reprints  should  be  sent  to  Robert  J.  Sternberg,  Depart¬ 
ment  of  Psychology,  Yale  University,  Box  11A  Yale  Station,  New  Haven,  Connecticut 
06520. 

^In  previous  analyses  of  linear  syllogistic  reasoning  (e.g. ,  Clark,  1969a,  1969b; 
Sternberg,  1980a,  1980b,  1980c),  all  problems  contained  either  no  negated  premises 
or  all  negated  premises.  In  the  present  study,  we  included  problems  with  one 
negated  premise,  but  the  latency  data  from  such  problems  were  extremely  unreliable, 
suggesting  strong  intra-  or  inter-individual  differences  in  strategics  for  solving 
such  problems.  Because  of  the  unreliability  of  these  data,  they  were  excluded  fron 
consideration  in  the  present  report. 
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Table  1 

Predicted  versus  Observed  Response  Times  for 
Each  of  the  Problem  Types 


Problem 

Premises 

Question 

Response 

Times 

Number 

First 

Second 

Predicted 

Observed 

Three-Term 

Series  Problems 

Determinate  Problems 

1 

A  >  B 

B  >  C 

> 

753 

721 

2 

A  >  B 

B  >  C 

< 

749 

757 

3 

B  >  C 

A  >  B 

> 

703 

686 

4 

B  >  C 

A  >  B 

< 

799 

808 

5 

'  C  <  B 

B  <  A 

> 

795 

875 

6 

C  <  B 

B  <  A 

< 

891 

964 

7 

B  <  A 

C  <  B 

> 

845 

953 

8 

B  <  A 

C  <  B 

841 

S84 

9 

A  >  B 

C  <  B 

> 

799 

743 

10 

A  >  B 

C  <  B 

< 

795 

727 

11 

C  <  B 

A  >  B 

> 

749 

762 

12 

C  <  B 

A  >  B 

< 

845 

803 

13 

B  <  A 

B  >  C 

> 

799 

813 

14 

B  <  A 

B  >  C 

< 

795 

833 

15 

B  >  C 

B  <  A 

> 

749 

714 

16 

B  >  C 

B  <  A 

< 

845 

961 

17 

A  {  B 

B  j:  C 

> 

997 

972 

18 

A  \  B 

B  C 

< 

993 

SS4 

19 

B  C 

A  j:  B 

> 

1015 

1 06S 

20 

B  |  C 

A  j:  B 

< 

1111 

1167 

21 

C  }  B 

B  f  A 

> 

555 

8  8  0 

22 

C  \  B 

B  }  A 

< 

951 

944 

23 

B  }  A 

C  |  B 

> 

9  73 

°2 1 

24 

B  }  A 

C  \  B 

< 

969 

1014 

25 

A  {  B 

C  }  B 

> 

lout 

0  1  ’  ’ 

26 

A  f  IS 

C  |  IS 

< 

101  5 

1"  '  ■ 

27 

c  f  is 

A  j:  B 

> 

969 

8° 

28 

C  f  B 

A  j  B 

< 

106  3 

i 1 :  ■ 
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Table  1  (Contd.) 


Problem 

Premises 

Question 

Response 

"Times 

Number 

First 

Second 

Predicted 

Observed 

29 

B  }  A 

B  {  C 

> 

951 

918 

30 

B  |  A 

B  {C 

< 

947 

892 

31 

B  j:  C 

B  f  A 

> 

901 

855 

32 

B  \  C 

B  }  A 

< 

997 

958 

Indeterminate 

Problems 

33 

A  >  B 

A  >  C 

> 

428 

413 

34 

A  >  B 

A  >  C 

< 

474 

500 

35 

A  >  B 

C  <  A 

> 

923 

794 

36 

A  >  B 

C  <  A 

< 

969 

960 

37 

B  <  A 

A  >  C 

> 

923 

849 

38 

B  <  A 

A  >  C 

< 

969 

1013 

39 

B  <  A 

C  <  A 

> 

520 

558 

40 

B  <  A 

C  <  A 

< 

566 

522 

41 

B  >  C 

A  >  C 

> 

428 

490 

42 

B  >  C 

A  >  C 

< 

474 

504 

43 

B  >  C 

C  <  A 

> 

923 

862 

44 

B  >  C 

C  <  A 

< 

969 

865 

45 

C  <  B 

A  >  C 

> 

923 

1002 

46 

C  <  B 

A  >  C 

< 

969 

986 

47 

C  <  B 

C  <  A 

> 

520 

497 

48 

C  <  B 

C  <  A 

< 

566 

441 

49 

B  j-  A 

C  f  A 

> 

580 

668 

50 

B  j-  A 

C  j-  A 

< 

626 

638 

51 

B  \  A 

A  f  C 

> 

1075 

1018 

52 

B  f  A 

A  |  C 

< 

1121 

1106 

53 

A  |  B 

C  j.  A 

> 

1075 

1012 

54 

A  f:  B 

C  |  A 

< 

1121 

131  3 

55 

A  |  B 

A  j:  C 

> 

672 

671 

56 

A  f  B 

A  J  C 

< 

718 

710 

57 

C  }  B 

C  }  A 

> 

580 

587 

58 

C  |  B 

C  \  A 

< 

626 

577 

f 
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Table  1  (Contd.) 


Problem 

Premises 

Question 

Response  Tines  .] 

Number 

First  Second 

Predicted 

Observed 

59 

C  f  B  A  j:  C 

> 

1075 

J 

1127 

i 

60 

C  }  B  A  {:  C 

< 

1121 

1136 

61 

B  {  C  C  |  A 

> 

1075 

1262  j 

62 

B  {  C  C  |  A 

< 

1121 

1C62  j 

63 

B  {  C  A  j:  C 

> 

672 

•  'a 

704 

64 

B  {  C  A  |  C 

< 

718 

670  j 

Two-Term  Series 

Problems 

’  \ 

65 

A  >  B 

> 

289 

283  : 

;  y 

66 

A  >  B 

< 

333 

339 

67 

B  <  A 

> 

333 

355 

68 

B  <  A 

< 

3~’C 

314  t  ■ 

69 

B  ^  A 

> 

366 

362 

70 

B  ^  A 

< 

409 

424 

71 

A  {  B 

> 

409 

448 

72 

A  |  B 

< 

452 

411 

Note:  Response  times  are  expressed  in 

centiseconds. 

The  symbol  > 

refers  to 

the  unmarked  form 

of  each  adjective;  < 

refers  to  the 

marked  form. 

The  i  j 

refers  to  the  negative  equative  form  of  the  statement.  All  predictions 
are  for  the  mixed  model. 
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Table  2 

Model  Fit  and  Parameter  Estimates 
for  Three-Term  Series  Problems 

Fit 

2 

R  (all  three-  and  two-term  series  problems):  .93 

2 

R  (all  three-term  series  problems):  .89 

2 

R  (two-term  series  problems):  .80 

2 

R  (determinate  problems  only):  .80 

2 

R  (indeterminate  problems  only):  .93 


Parameter  Estimates 

Marking  46*** 

Negation  76*** 

Mixed  Pivot  Search  68* 

Response  Search  50* 

Construction  of  Full  275*** 

Determinate  Array 

Mismatch  of  Premise  Adjectives  449*** 
or  Position  of  Repeated  Terms 

Response+  428*** 


Note:  All  parameter  estimates  are  expressed  in  cent iscconds .  Values  of  R  are 
between  predicted  and  observed  latencies. 

*p  <  .05 

**p  <  .01 

***p  <  .001 
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Table  3 

Correlations  between  Latencies  and  Reference  Ability  Test  Scores 


Latency  Measure 

Composite  Scores 

Overall  Three-Term  Latency 
Overall  Three-Term  Error  Rate 
Component  Scores 
Encoding 
Marking 
Negation 
Pivot  Search 
Respov.oe  Search 

Construction  of  Full  Determinate 
Array 

Mismatch  of  Premise  Adjectives 
Or  Position  of  Repeated  Term 

Response+ 

Note:  Reference  ability  scores  are  means 

of  the  two  tests  measuring  each 


Reference  Ability 


Verbal 

Spatial 

Abstract 

-.39 

-.31 

-.58** 

-.57** 

-.48* 

-.65** 

-.41 

-.37 

-.57** 

-.37 

-.63** 

-.70** 

-.01 

-.02 

-.35 

.04 

-.35 

-.33 

-.  64* 

-.61* 

-.27 

-.34 

-.23 

-.44 

-.40 

-.26 

-.61** 

.08 

.29 

.09 

of  standard  scores  of  each  subject  for  each 
ability. 


Encoding  score  used  here  was  estimated  as  the  mean  difference  in  latency  between  two- 


and  three-term  series  problems. 


*£  <  .05 
**£  <.01 
***£  <.001 


; 

» 
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Table  A 

i  ' 

Values  of  Independent  Variables  Used  to  Estimate  Parameters  i 


Problem . . . Parameter 


Number 


Encoding 

Marking 

Negation 

Pivot 

Search 

Response 

Search 

Seriation 

1 

2 

0 

0 

0 

1 

1 

2 

2 

1 

0 

0 

0 

1 

3 

2 

0 

0 

0 

0 

1 

4 

2 

1 

0 

0 

1 

1 

5 

2 

2 

0 

0 

0 

1 

6 

2 

3 

0 

0 

1 

1 

7 

2 

2 

0 

0 

1 

1 

8 

2 

3 

0 

0 

0 

1 

9 

2 

1 

0 

0 

1 

1 

10 

2 

2 

0 

0 

0 

1 

11 

2 

1 

0 

0 

0 

1 

12 

2 

2 

0 

0 

1 

1 

13 

2 

1 

0 

0 

1 

'  1 

14 

2 

2 

0 

0 

0 

1 

15 

2 

1 

0 

0 

0 

1 

16 

2 

2 

0 

0 

1 

1 

17 

2 

2 

2 

0 

1 

1 

18 

2 

3 

2 

0 

0 

1 

19 

2 

2 

2 

1 

0 

1 

20 

2 

3 

2 

1 

1 

1 

21 

2 

0 

2 

0 

0 

1 

22 

2 

1 

2 

0 

1 

1 

23 

2 

0 

2 

1 

1 

1 

24 

2 

1 

2 

1 

0 

1 

25 

2 

1 

2 

1 

1 

1 

26 

2 

2 

2 

1 

0 

1 

27 

2 

1 

2 

1 

0 

1 

28 

2 

2 

2 

1 

1 

1 

Mismatch 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


I 

I 


f 


« 
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Table  A  (Contd.) 


Problem . Parameter 


Number 

Pivot  Response 

Encoding  Marking  Negation  Search  Search  Seriation  Mismatch 


Linear  Syllogisms.  28 


Table  A  (Contd.) 


rroblein . .  • 

Number 

Encoding 

Marking 

Negat 

Pivot  Response 

ion  Search  Search  Seriation 

Mismatch 

59 

2 

1 

2 

0 

0 

0 

1 

60 

2 

2 

2 

0 

0 

0 

1 

61 

2 

1 

2 

0 

0 

0 

1 

62 

2 

2 

2 

0 

0 

0 

1 

63 

2 

2 

2 

0 

0 

0 

0 

64 

2 

3 

2 

0 

0 

0 

0 

65 

1 

0 

0 

0 

0 

0 

0 

66 

1 

1 

0 

0 

0 

0 

0 

67 

1 

1 

0 

0 

0 

0 

0 

68 

1 

2 

0 

0 

0 

0 

0 

69 

1 

0 

1 

0 

0 

0 

0 

70 

1 

1 

1 

0 

0 

0 

0 

71 

1 

1 

1 

0 

0 

0 

0 

72 

1 

2 

1 

0 

0 

0 

0 

Parameters  were 

based  on 

the  following  equalities  (See 

figure  1) 

: 

Negation 

Marking  - 

=  NEC 

■  MARK  = 

=  MARKl  + 

MARK2 

-  NMARl  - 

NMAR2 

Pivot  Search  =  PSM 
Response  Search  =  RS 
Seriation  =  SER  +  SUP 
Mismatch  =  MISM 

Responses  =  RES  +  OR  +  (2)  PR  +  (1.5)  NMARl  +  (1.5)  NMAR2 

Note:  The  value  of  the  independent  variable  for  the  response+  parameter  was 

always  1.  Problem  numbers  are  the  same  as  those  In  Table  1,  where  the 
problems  arc  described. 
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Chicago,  IL  CO605 

1  Office  cf  Naval  Research 
Cede  N  37 

300  N.  Quincy  SStreet 
Arlington.  VA  22217 

1  Office  cf  Naval  Research 

Ccdr  tin 

800  N.  Quincy  Street 
Arlington,  VA  22217 

5  Personnel  U  Training  Research  Programs 
(Code  M58) 

Office  cf  Naval  Research 
Ar lin '.ton,  VA  22217 

1  Psychologist 

ONh  I’r  inch  Of  f ice 
lO71"  Fast  Green  Street 
P..s  i  rn  j  ,  CA  9110  1 

1  Of  fiat  cf  the  Chief  cf  Naval  Operations 
R'S'.'.rch  Development  &  Studies  Branch 
O' P-1  IB) 

W  irh:  ng ton  ,  DC  20 350 

l  1  Dr  .  >-u  il<!  F.  P  irk  t 

r,»-  .  in  •*.  -  School  cf  Musi  ness  Administret 
l's  ivi  :  :.i  ty  of  Michigan 

An r.  Di'c r,  ill  M8IO5 

1  L7  hr  ak  C.  Pe the ,  MSC,  US N  (Ph.D) 

0  d(  1.51 

N.v.,1  Aerospace  M*d ieal  Research  Lobcr.. 
r  nr. acc  1  a  ,  FL  •2503 
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Navy 


1  Roger  W.  Renin  ton  ,  Ph.D 
Cede  L52 
N  A11RL 

Pensacola,  FL  32508 

1  Dr.  Dernard  Finland  ( 0 3B ) 

Navy  Personnel  R'D  Center 
San  Diej-c,  CA  92182 

1  Mr.  Arnold  Rubcnst'-in 

Naval  Persctmel  Support  T'chnclcgy 
Naval  Material  Command  (03T299) 

Room  1099,  Crystal  Plaza  '/5 
2221  Jefferson  Pavia  Highway 
Arlington,  V A  20360 

1  Dr.  Worth  Scanlnnd 

Chief  of  Navel  Education  and  Training 
Cede  N-5 

NAS,  Pensacola,  FL  ??508 

1  Dr.  San  Sohiflett,  SY  721 

Systems  Engineering  Test.  Di  recto rate 
U.S.  Naval  Air  Test  Center 
Patuxent  River,  HD  20670 

1  Dr.  Robert  G.  Smith 

Office  of  Chief  cf  Naval  Operations 
OP-997M 

Washington,  DC  20250 

1  Dr.  Alfred  F.  Crude 

Training  Analysis  t  Evaluation  Group 
(T AEG) 

Dept,  cf  t!ie  Navy 
Orlande,  FL  -2313 

1  W.  Gary  Thomson 

Nival  Ocean  Systems  Center 
Code  7132 

San  Pi'Y.c,  CA  92152 

1  Dr.  Ronald  Woitzr.  an 
Cede  M  'll 

Department  cf  Administrative  Sciences 
U.  S.  Naval  Postgraduate  School 
Monterey,  CA  93990 


Na  v  y 


1  Dr.  Robert  Wish'-r 
Code  U'9 

Navy  Personnel  KtD  Center 
S.an  Diego,  CA  02152 

1  DR.  MARTIN  F.  WISKOFF 

NAVY  PFRS0NI1EL  RA  D  CENTER 
SAN  DIEGO,  CA  92152 

1  Mr  John  H.  Wolfe  ' 

Cede  Pj,  10 

U.  S.  Navy  Personnel  Research  and 
Development  Center 
San  Dicgc,  CA  92)52 
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Technical  Director 

U.  S.  Army  Research  Institute  for  the 
Behavioral  end  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  2213? 

HQ  USAEFUE  &  ’’th  Array 
0 DC SOPS 

USAAREUE  Director  of  GED 
APO  Mew  York  0)'I07 

DR.  RALDH  DU3FK 
U.S.  ARMY  RESEARCH  INSTITUTE 
5n0 1  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  2213? 

Dr.  Michael  Kaplan 
U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISFNHC’/ER  AVENUE 
ALEXANDR  1A  ,  VA  22333 

Dr.  Milton  S.  Katz 
Training  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22?3? 

Dr.  Harold  F.  O'Neil,  Jr. 

Att.n:  PERT -OK 
Array  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Dr.  Robert  Sasmcr 

U.  S.  Army  Research  Institute  for  Ll:<* 
Behavioral  and  Social  Scienr'S 
5001  pi nhever  Avenir? 

Alexandria,  VA  22‘;-'3 


Air  Force 


1  Air  University  Library 
AUL/LSE  7  6  /  ti  3 
Maxwell  AFB,  AL  36112 

1  Dr.  Earl  A.  Alluisi 
HO,  AFHRL  ( AFSC) 

Crooks  AFB,  TX  73235 

1  Dr.  Genevieve  Haddad 
Program  Manager 
Life  Sciences  Directorate 
AFOSR 

Belling  AFB,  DC  20332 

1  Dr.  Ronald  G.  Hughes 
AFI1RL/0TR 

Williams  AFB,  AZ  85223 

1  Dr.  Ross  L.  Morgan  ( AFIIRL/LR) 
Wright  -Patterson  AFB 
Ohio  45333 

1  Dr.  Malcolm  Roe 
AFHRL/t'P 

Brocks  AFB,  TX  78235 

1  Dr.  Marty  Rcckway 
Technical  Director 
AFHRL(OT) 

Williams  AFB,  AZ  53224 

2  *700  TCHTU/TTGM  Step  ?2 
Sheppard  AFB,  TX  76311 

1  Jack  A.  Thcrp,  Maj.,  USAF 
Life  Sciences  Director. ate 
AF^'Hi 

Polling  AFC,  PC  20332 


Dr.  Frederick  Steinh-ir.i'r 
U.  S.  Army  Pet-ercL  Institute 
5001  F. i  senhew-’r  Awnur 
Alexandria,  VA  2?--7 

Dr.  Jcr  'ph  Ward 

U.S.  Army  r  search  Institute 

5001  Fi  ewer  Av.  r.r-* 
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Marines 


1  H.  Wi Ilian  Greenup 

Education  Adviser  C iT. 0 ?  1 ) 
Education  Center,  MCPEC 
Quanticc ,  VA  221V! 

1  Headquarters,  U.  S.  Marine  Ccrps 
Code  KPI-20 
Washington,  DC  203°0 

1  Special  Assistant  fer  Marine 
Ccrps  Matters 
Cede  100M 

Office  cf  Naval  Research 
300  N.  Cuincy  St. 

Arlington,  V/.  22217 

1  DR.  A. L.  SLAFKOSKY 

SCIENTIFIC  ADVI3CR  (CCDE  RD-1) 
HO.  U.5.  MARINE  CORPS 
WASHINGTON,  DC  20330 


CoastGuard 


1  Chief,  Psychological  heserch  Eranch 
1).  S.  Coast  Guard  (G-P-1  /2/TPF2) 
Washington,  DC  20593 

1  Mr.  Thomas  A.  Warm 

U.  S.  Coast  Guard  Institute 
P.  0.  Substation  13 
Oklahoma  City,  OK  731C9 
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Civil  Govt 


1?  Defense  Technical  Information  Center 
Cameron  Station,  Bid;',  5 
Alexandria,  VA  22314 
Attn:  TC 

1  Dr.  Dexter  Fletcher 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
1400  WILSON  BLVD. 

ARLINGTON ,  VA  222C9 

1  Military  Assistant  for  Training  and 
Personnel  Technology 

Office  of  the  Under  Secretary  of  Defense 
for  Research  &  Engineering 
Room  3D129,  The  Pentagon 
Washington,  DC  20301 


1  Dr.  Susan  Chi  plan 

Learning  and  Development 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20209 

1  Dr.  Joseph  I.  Lipscn 
SEDR  N-633 

National  Science  Foundation 
Washington,  DC  20550 

1  William  J.  he La ur in 

Fi:i.  501,  Internal  Revenue  Service 
2221  Jefferson  Davis  Highway 
Arlington,  VA  22202 

1  Dr.  Andrew  R.  t'olnar 
Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  2055a 

1  Personnel  R&D  Center 

Office  of  Personnel  Managrnent 
1900  F.  Street  f!W 
Washington,  DC  20415 

1  Dr.  II.  Wallace  Sin  a  ike 
Program  Director 

Manpower  Research  and  Advisory  Services 
Smithsonian  Institution 
301  Worth  Pitt  Street 
Alexandria,  VA  22311' 

1  Dr.  Frank  Withrow 

1).  S.  Office  of  Education 
4 CO  Maryland  Ave.  SU 
Washington,  DC  20202 

1  Dr.  Joseph  L.  Yeung,  Director 
"•"•try  V  Cognitive  Processes 
*  u  -i,.l  Science  Found  iticr. 

.shir.  Men  ,  DC  20500 
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1  Dr.  John  R.  Andersen 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Anderson,  Thomas  H.,  Ph.D. 

Center  for  the  Study  cf  Reading 
17*1  Children's  Research  Center 
51  Gerty  Drive 
Champiagn,  IL  51320 

1  Dr .  John  Annett 

Department  of  Psychology 
University  of  V.'arwick 
Coventry  CV<1  7AL 
ENGLAND 

1  DR.  MICHAEL  ATWOOD 

SCIENCE  APPLICATIONS  INSTITUTE 
^40  DENVER  TECH.  CENTER  WEST 
7935  F  PRENTICE  AVENUE 
ENGLEWOOD,  CO  SOHO 

1  1  psychological  research  unit 

Dept,  cf  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1  Dr.  Alan  Poddcley 

Medical  Research  Council 

Applied  Psychology  Unit 
15  Chaucer  Read 
Cambridge  CB2  ?EF 
ENGLAND 

1  Dr.  Patricia  Daggett 

Department  of  Psychology 
University  of  Denver 
University  Park 
Denver,  CO  30203 

Hr  Avrcn  Parr 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  9« ^05 
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1  Dr.  Jackson  Pc  a  tty 

Department  cf  Psychology 
University  of  California 
Los  Angeles,  CA  9002 ‘l 

1  Dr.  Isaac  Be  jar 

Educational  Testing  Service 
Princeton,  NJ  03<<50 

1  Dr.  Nicholas  A.  Rend 
Dept,  of  Psyciiclcgy 
Sacramento  State  College 
600  Jay  Street 
Sacramento,  CA  95519 

1  Dr.  Lyle  Bourne 

Department  cf  Psychology 
University  cf  Colorado 
Boulder,  CO  003^9 

1  Dr.  Robert  Brennan 

American  College  Testing  Programs 

P.  0.  Bex  163 

Icwa  City,  IA  52240 

1  Dr.  John  S.  Crown 

XEROX  Palo  Alto  Research  Center 
3333  Coyote  Read 
Pale  Alto,  CA  94  304 

1  Dr.  Bruce  Buchanan 

Department  cf  Computer  Science 
Stanford  University 
Stanford,  CA  9 '<305 

1  DR.  C.  VICTOR  FiUNDERSON 
i'ICAT  INC . 

UNIVERSITY  PLAZA,  SUITE  ID 
1160  SC.  STA~E  ST. 

ORE'!,  UT  9 A 057 

1  Dr.  P.-it  Carpenter 

!>•  par '.men  t  of  Psycfclc'.y 
Cnrr.rgie-M"  lien  "n  iv'-rs:  ly 
Pittsburgh,  PA  15°l.' 
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1  Dr.  John  C.  Carrel  1 
Psychcmetr  ic  L  t b 
Univ  .  cf  No  .  C  irelirri 
Davie  Hall  013A 
Chapel  Hill,  r;c  ?751'l 

1  Charles  Myers  Library 
Livingstone  House 
Livingstone  Road 
Str atfc  rd 
London  F 1 5  2LJ 
ENGL A  HD 

1  Dr.  l.'i Ilian  Chase 

Department  cf  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Michel ine  Chi 

Learning  RAD  Center 
University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  19213 

1  Dr,  William  Clancey 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  0«305 

1  Dr.  Kenneth  F.  Clark 

College  cf  Arts  '<  Sciences 
University  cf  loth  aster 
Fiver  Campus  Station 
Rochester,  NY  l!l5?7 

1  Dr.  Norman  Cliff 
Dept,  of  Psychology 
Univ.  cf  Sc.  Cali  fern  ii 
University  Park 
Los  Angeles,  CA  90007 

1  Dr.  Allan  M.  Collins 

Belt  Poranek  A  Neman,  Inc. 

50  Moulton  Street 
Cambridge,  Ha  0?1jo 
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1  Dr.  Lynn  A.  Cooper 
LRDC 

University  cf  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1  Dr.  Meredith  P.  Cmufcrd 

American  Psychological  Association 
1200  17th  Street, 

Washington,  DC  2foc r, 

1  Dr.  Kenneth  P.  Cross 
Anacapa  Sciences,  Inc. 

P.C.  Dr  a  v.  or  0 

Santa  Parbara,  CA  93102 

1  Dr.  Emmanuel  Dcnchin 

Department  cf  Psychology 
University  cf  Illinois 
Champaign,  IL  51820 

1  Dr.  Hubert  Dreyfus 

Department  cf  Philosophy 
University  cf  California 
Perkely,  CA  9^720 

1  LCOL  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSONNEL  APPLIED  ? 
NATIONAL  DEFENCE  110 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K 1 A  072 

1  ERIC  Facility-Acquisitions 
11833  Rugby  Avenue 
Be  these!  a,  MD  2'~01's 

1  Dr .  Ed  Feigenb  un 

Dopirtmi-nt  of  rc  |  •'  •  i  N-eience 
Stanford  IV, ivTsM  y 
St  in  for-!.  CA 
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Mori  Govt 

1 

Dr.  Edwin  A.  Finishing 

1 

Dr.  Harold  ll.wkins 

Advanced  P-r. -arch  Resources 

Organ . 

Da  ;>ortm  nt  cf  f’sy.  x:  I  r  y 

Suite  9  00 

Un  lvrsity  if  >•  <  Hi 

i)330  East  West  Highway 
Washington,  DC  POO  1  h 

Eu.v  r.e  SR  9VMS  - 

1 

Ur  .  p  >rbaro  !i.. y.-s-Lc  tf’ 

1 

Dr.  John  R.  Fredrriksen 

The  R  ir.l  Ccrpcrst  ion 

Hclt  Eoranek  \  FS-wna.d 

1700  Ha  in  St r«  <  t 

50  Hr, ulten  Street 

Santa  Home  a,  CA  a’A''' 

Cambridge,  ".A  07133 

1 

Dr.  Frederick  f'jyes-ho  tn 

1 

Dr.  Alind.a  Friedman 

"lit-  Land  Cor  for.  tion 

Department  cf  Psychology 

1700  Main  Street 

University  cf  Alberta 
F.dmcntcn,  Alberta 

Santa  F'cniea,  CA  9 'a ' ... 

CANADA  T6G  3E9 

1 

Dr.  Janes  F. .  Hcffnin 
Department  of  Psycfclc'.y 

1 

Dr.  R.  Edward  Geisolman 

University  cf  I:.'  la  ware 

Department  cf  Psychology 
University  cf  California 

Lawark  ,  DE  in, 1 1 

Lcs  A- 1  gel  os  ,  CA  9 °02M 

1 

Gl<  nda  Greenwald,  Fa. 
"Hun;  n  Tnt  el  1  ig<  no--  Nn.ag 

1 

DR.  ROB  EFT  GLASER 

P.  0.  Lex  1  1 L R 

LRDC 

UNIVERSITY  so  PITTSBURGH 

Bi  1  min ;h,v.i ,  S3  a, ''IS 

3P39  O’HARA  STREET 

1 

Dr.  llcyd  La:  apii-eys 

PITTSBURGH ,  PA  15?13 

Dep-  rtment  cf  Lay  -  tic  log  y 
I’d iversi *  y  cf  ]  1 1 1  m.  i s 

1 

Dr.  Marvin  D.  Glock 
?1?  Stone  Hill 

Ch."'ifi  .igt. ,  11.  f-1r7P 

Cornell  University 

1 

Li brary 

Ithaca,  NY  IMPS? 

Hum RRC./Wc-st’-rn  Di vision 
?7SS Berwick  St  iv 

1 

Dr.  Daniel  Gcph-r 

Carmel,  CA  03931 

Industrial  ’  Management  Engineerin’, 

Tc ehnicn-Tstv.-l  Institute  cf 

Ti-cHnc  leg y 

1 

Dr.  Earl  Hunt 

H .  i  fa 

Dipt,  el  Psyche.  Lig.y 

ISRAEL 

U:i ;  v  er  0 1  t.y  of  IS.  ;  rv  n  n 

:•**;  ttl  <  .  WA  jidi" 

1 

DR.  JAMES  G.  GRFFVO 

LRDC 

1 

Dr  .  s.tev  “il  V.  .  *,•  e  1  e 

UNIVERSITY  01  PITTS  "-’JR'CII 

I-  ft.  i_  f  i’s  y  :  1  .<  la.  •,  y 

3939  O’HARA  STREET 

I’d  iv-  r ;  :  t y  of  '  rvgc ;; 

PITTSBURGH,  PA  15 ’ll 

Lug  :..',  CM  a .’of  ■ 

1 

Dr.  Ren  Hanblet.cn 

1 

Dr  .  ..',1  ter  Hint  ..  h 

School  cf  Fducaticn 

D-par’-unl  of  IT- veL;  n  gy 

University  cf  "  issechjs"tt5 

I'd  iv  1  ;i  '  y  of  "<  Ic.r  ■  la 

Amherst ,  "A  '"lanp 
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1  Dr.  David  X i eras  1 

Department  cf  Psychology 
University  of  Ar i7.cn. i 
Tusccn,  A2  35721 

1  Dr.  Stephen  Xcsslyn  1 

Hnrvr'-d  University 
Department  cf  Psyc 1  ic leg y 
33  KirWliind  Street 
Cambridge,  MA  021  -3 

1 

1  Mr.  Merlin  Kroger 
1117  Vie  Col  etc 

Pales  Verdes  Estates,  CA  90274 

1  Dr.  Jill  LurRin  1 

Department  cf  Psychology 
Carnegie •  Mellon  University 
Pittsburgh,  PA  19213 

1  Dr.  Alan  Lesgcld 

Learning  .30  Center  1 

University  cf  Pittsburgh 
Pittsburgh.,  PA  10290 

1  Dr.  Charles  Levis 

F.aculteit.  Gccinle  ’Jctanschappon  1 

Ri jksuniv err i to  it  Groningen 
Ourie  Peter ingestrnat 
Groningen 

NETHERLANDS  1 

1  Dr.  Juries  Lums-den 

rv?pnrt;n?nt  cf  Psychology 

University  cf  Western  Australia 

Ned  1  an J s  O'. A.  bOn9  1 

AUSTRALIA 

1  Dr.  Mark  Miller 

Computer  Ccience  Laboratory 
Texas  lustrum*  r.ts  ,  Tnc.  1 

Mail  ticn  7 7 1 ,  P.O.  Ecx  2 ”>99 39 
Dallas,  IX  7r>',95 

1  Dr.  Allen  hunro 

Pehav icr.M  Techno 'og y  Labor,  ter ies  1 

1240  Elena  Ave.,  Fourth  Floor 
Redondo  P-arh,  CA  30277 


Ncn  Gcvt 


Dr.  Dot,;  Id  A  ‘!cr:n„n 
LXpt.  cf  Psychology  C-009 
Univ.  cf  California,  So,  r;  Diego 
La  Jolla,  CA  92033 

Dr  .  Mr  1 v : n  R.  Ncvick 

30(>  Li  n  l<;uist  Center  for  t'easur;:, ent 

University  of  Iowa 

levs  City,  In  52242 

Dr.  J-_s.se  Orlansky 
Institute  for  Defense  Analyses 
400  Amy  Navy  Drive 
Arlington,  VA  22202 

Dr.  Seymour  A.  Pa  part 
Massachusetts  Institute  of  To ch.no logy 
Artificial  Intelligence  Lab 
545  Technology  Square 
Cambridge,  MA  C717' 

Dr.  Janes  A.  Paulsen 
Pcrtlrnd  State  University 
P.O.  Pcx  751 
Portland,  OR  97207 

MR.  LUIGI  PETPULLF 
24.31  N.  EDGEKOOD  SL-TET 
ARLINGTON,  VA  222 2? 

Dr.  Martha  Poison 
Department.  of  Psychology 
University  of  Colorado 
Boulder,  cn  R0.-.02 

DR.  PETER  POLS ON 
DEPT.  CF  PSYCHOL' 7Y 
UNIVi.PSITY  OF  C'T.cE.MM 
nOI'LPKR,  CC  PO  7/’  , 

fir  .  St*  vi  n  F  .  Pc  1  t  ri  j  i: 

Dep.irt-ien*.  of  Psy  :.i.  le'.y 
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1  Committee  cn  Cognitive  Research 
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Social  Science  Research  Council 
605  Third  Avenue 
New  York.  NY  10016 

1  Rober  t  S.  Piet lcr 
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1  Dr.  Robert  Truth 
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Rutyrs  University 
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Dr.  Andrew  M.  Rose 
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